Methanimine (CH 2 NH), the simplest imine, was discovered in the ISM in 1973 towards the molecular cloud Sagittarius B2 (Sgr B2). 4 It was firmly identified thanks to the (hyperfine) In order to elucidate the chemistry of CH 2 NH in the ISM, it is first crucial to observe multiple transitions in a large frequency range. This has been made possible through many laboratory studies of the rotational spectrum of methanimine (see Ref. 5 and references therein). As a result, CH 2 NH has been detected towards Sgr B2 from centimeter 4 to submillimeter wavelengths. 9 The identification of many transitions is, however, not sufficient to derive accurate abundances because interstellar spectra are generally not at local thermodynamic equilibrium (LTE). Indeed, densities (i.e. pressures) in the ISM are such that the frequency of collisions is neither negligible nor large enough to maintain thermodynamic equilibrium. In such conditions, deriving column densities (i.e. abundances) requires to solve simultaneously the radiative transfer equation and a set of statistical equilibrium equations for the molecular levels. This in turn requires the availability of the state-to-state rate coefficients for collisional (de-)excitation. These collisional energy transfer rate coefficients are extremely difficult to measure in the laboratory and radiative transfer models rely almost exclusively on theoretical estimates. 10 In the case of CH 2 NH, the only theoretical study was done for electron-impact excitation. 11 In the "dense" molecular ISM, however, the dominant colliders are hydrogen molecules (H 2 ). In this Letter, we report the first potentiel energy surface (PES) for CH 2 NH-H 2 based on ∼ 66,000 high-level ab initio points. This PES was employed in quantum close-coupling calculations to determine rotationally inelastic cross sections in the energy range 2−200 cm −1 , from which rate coefficients were deduced in the temperature range 5−30 K. In addition, the spectrum of CH 2 NH towards Sgr B2(N) at 5.29 GHz has been generated using radiative transfer calculations and it has been compared to new observations performed with the 100-m Robert C. Byrd Green Bank Telescope (GBT). 18 Basis set superposition error (BSSE) was corrected using the Boys and Bernardi counterpoise scheme. 19 The size inconsistency caused by the F12 triple energy correction was corrected by subtracting from the ab initio interaction energies the asymptotic interaction energy at R = 1000 a 0 which is 7.4796 cm 
• with a dissociation energy of D e = 374.0 cm −1 . In this planar geometry, the complex has an approximate T-shape with H 2 almost perpendicular to the C=N bond. In Fig. 1 , we present two contour plots of the CH 2 NH−H 2 (fitted) PES in this region. We can observe that the PES is highly anisotropic at this distance, with only a small attractive region where
The CH 2 NH−H 2 PES was employed in quantum-mechanical scattering calculations to compute rotationally inelastic cross sections. We used the (time independent) close-coupling formalism for collisions of an asymmetric top rigid rotor and a linear rigid rotor, as described in Ref. 20 . All calculations were performed with the OpenMP extension 2 of the version 14 of the MOLSCAT code. 21 The coupled differential equations were solved using the hybrid modified log-derivative Airy propagator from 3 to a maximum of 200 a 0 (at low energy) with a step size lower than 0.25 a 0 . The rotational constants of CH 2 NH were fixed at their The projectile H 2 was restricted to para-H 2 (j 2 = 0), which is the dominant form of H 2 in the cold interstellar medium. 23, 24 The basis set included levels j 1 = 0 − 12 and j 2 = 0, 2 with rotational energies (CH 2 NH plus H 2 ) less than a threshold EMAX=600 cm −1 . This cutoff was necessary to limit the number of coupled-channels below 6,000 while preserving convergence to within ∼10% for all transitions among the first 15 rotational levels of CH 2 NH, i.e. up to Cross sections and rate coefficients for the lowest 4 transitions out of the ground state 0 00
are presented in Fig. 3 as function of collisional energy and temperature, respectively. Many resonances are observed in the cross sections, as expected from the deep potential well. We can also notice that the favored transitions are 0 00 → 1 01 and 0 00 → 2 02 , corresponding to the usual propensity rule ∆j 1 = 1, 2 and ∆k a = 0. In addition, for the k a = 1 doublet, the lower level is found to be favored. This propensity was also observed for higher k a = 1 doublets and this corresponds to j 1 being preferentially oriented along the direction of the greatest moment of inertia (the c−axis). This result is observed in other molecules and is responsible, in particular, of the anti-inversion of the doublet 1 10 −1 11 in interstellar H 2 CO.
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Here, however, because both collisional and radiative transitions between the k a = 1 and k a = 0 ladders are allowed (in contrast to H 2 CO), the above propensity is in competition with inter-ladder transitions. In particular the spontaneous decay rate from the 1 11 to 0 00 level is about 1.6 times that from the 1 10 to the 1 01 level (see Fig. 2 ), which favors inversion of the doublet, as in the case of methyl formate (HCOOCH 3 ).
intrinsically weak 1 10 → 1 11 line, as first detected by Godfrey et al., 4 was thus attributed to a population inversion rather than an anomalously high abundance. 26 The lack of collisional data, however, has precluded so far any definite conclusion. Using our rate coefficients, the critical density 3 of the upper level 1 10 can be estimated as ∼ 1.5×10 5 cm −3 which means that non-LTE effects are expected at densities in the range 10 3 − 10 7 cm −3 . However, only non-LTE radiative transfer calculations can predict the actual rotational populations of CH 2 NH for a given set of physical conditions, as illustrated below. The hyperfine energy levels and radiative rates were taken from the CDMS catalog. 22 The hyperfine-resolved rate coefficients were obtained from the rotational rate coefficients using the statistical approximation, which has been shown to be reliable at low opacities. 30 The kinetic temperature and density of H 2 were fixed at T =30 K at n H 2 = 10 4 cm −3 , respectively, for each velocity component. These values, derived by Faure et al. 25 from their modeling of the weak HCOOCH 3 masers, correspond to a relatively cold and dilute gas surrounding the north core, in the foreground of the HII region. The line widths were taken as 15 and 10 km.s −1 for the low-and high-velocity components, respectively. 27 The column density of CH 2 NH was adjusted for each velocity component to best reproduce the observational spectrum. The solution of the radiative transfer equation was expressed as the radiation temperature, as in Ref. 25 :
where J ν (T ) = (hν/k B )/(e hν/k B T − 1), ν is the frequency of the transition (5.29 GHz),
T cmb = 2.725 K is the temperature of the cosmic microwave background and T c (ν) is the main beam background continuum temperature of Sgr B2(N), as measured by the GBT, which is ∼36 K at 5.29 GHz. The total opacity τ (ν) in Eq. 1 is the sum over the two velocity components and the 6 hyperfine transitions, assuming individual opacities are gaussian. The resulting composite line (with 8 resolved components) is compared to the observation in Fig. 4 
Computational details
The analytical expansion for an asymmetric-top-linear molecular system can be written as:
where the functions t l 1 m 1 l 2 l (θ 1 , φ 1 , θ 2 , φ ) are products of spherical harmonics, as given explicitly in Eqs. A cubic spline radial interpolation of these coefficients was finally employed over whole grid of intermolecular distances and it was smoothly extrapolated (using exponential and power laws at short-and long-range, respectively) in order to provide continuous radial coefficients adapted to quantum close-coupling calculations.
